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ABSTRACT 



An architecture for microcontroller with embedded flash 
memory is provided. The microcontroller allows the repro- 
gramming of data into the embedded flash memory of the 
microcontroller to be performed on-bo ard without having to 
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dismount the entire IC package of the microcontroller from 
the circuit board. and then use a dedicated writer to perform 
the write operation. The reprogramming operation can be 
initiated either by an external reprogramming -en able signal 
or an internal reprogramming-enable signal. When either of 



these two signals is generated, it causes an OR gate to output 
a high-voltage logic signal to a multiplexer to thereby cause 
the multiplexer to select a ROM unit for connection to the 
microprocessor unit. This allows the microprocessor unit to 
execute a reprogramming control routine stored in the ROM 
unit. The flash memory unit further stores a reprogramming 
detection/initialization routine which checks whether a flash 
reprogramming request signal is issued from the main -unit 
interface. With this microcontroller architecture, the repro- 
gramming of data into the embedded flash memory can be 
performed on-board without having to laboriously dismount 
the microcontroller from the circuit board. The reprogram- 
ming operation is therefore quite easy and quick to perform, 
thus more cost-efiective than the prior art. 

12 Claims, 6 Drawing Sheets 
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MICROCONTROLLER WITH unit 16, while the microprocessor unit 16 is connected via an 

PROGRAMMABLE EMBEDDED FLASK external data bus 18 to the ujaiii-uiiii interface 20. 

MEMORY In operation, the microprocessor unit 16 executes a main 

^^^r.r. ^r^r^T^^^^r^^ ™ ™ control program fetched via the internal data bus 14 frona the 

CROSS-REreRENCE TO RELATED s flash memory unit 12 to thereby perform a control function 

APPLICATION specific to the microcontroller 10. The control signals issued 

This application claims the priority benefit of Taiwan microprocessor unit 16 arc then transferred via the 

application serial no. 86116153, filed Oct. 30, 1997, the full external data bus 18 and the interface 20 to the main unit (not 
disclosure of which is incorporated herein by reference. shown) which is under control by the microcontroller 10. 

One drawback to the foregoing microcontroller system, 
_BACKGROUND-QF THETNVENTION how^ver,-i&-tba4-v^to-the~^ash-^emory-UQ it 12 in the 



SUMMARY OF THE INVENTION 



1 c^^M „f tu^ T«„^„f;^« microcontroller 10 needs to be reprogrammed, the entire IC 

1. Field of the Invention , ^, . . n ^« , , , , 

. . package of the microcontroller 10 should be dismounted 

This mvention relates to microcontroller architectures, f,^^ the circuit board and then mounted on a dedicated 

and more particularly, to a microcontroller with program- 15 ^^^^^ programmer to write the new data into the flash 

mable embedded flash memory, which allows the program- memory unit 12. After the reprog rammin g is completed , the 

ming-or-reprogramming of-data-into-the flash-memory toi^e ^irc IC package of the "ii^F^^roller 10 is theiT 

conveniently earned out on-board. remounted back onto the circuit board. The reprogramming 

2. Description of Related Art is therefore quite inconvenient and time-consuming to per- 
A microcontroller is a "computer-on-one-chip" integrated form. 

circuit that comes with a complete microprocessor unit and 
embedded memory and input/output (I/O) units. The embed- 
ded memory is usually flash memory which is an erasable. It is therefore an objective of the present invention to 
reprogrammable kind of memory that permits a data block provide a new architecture for microcontrofler with embed- 
or groups of blocks to be erased and reprogrammed without ded flash memory, which allows the reprogramming of data 
having to erasing the entire memory. Conventionally, the into the embedded flash memory to be performed on-board 
programming of data into the flash memory should be without having to dismount the entire IC package of the 
performed ofi"-board and requires the use of a dedicated microcontroller from the circuit board and use a dedicated 
writer to perform. writer to perform the reprogramming operation. 

If a microcontroller is already soldered in position on a It is another an objective of the present invention to 

circuit board and reprogramming of data into its embedded provide a new architecture for microcontroller with embed- 

flash memory is required, the entire IC package of the ded flash memory, which allows the reprogramming of data 

microcontrofler should be dismounted from the circuit board into the embedded flash memory to be performed in a 

before the reprogramming operation can be performed. Due 35 parallel manner so that the reprogramming time can be 

to this drawback, in the event that any bugs are found in the significantly reduced. 

embedded flash memory in the microcontrofler after the u is stfll another objective of the present invention to 

circuit boards have been delivered to the customers, the provide a new architecture for microcontroller with embed- 

repair would involve very laborious work. There exists, ded flash memory, which allows the reprogramming of data 

therefore, a need for a method that allows the reprogram- 40 into the embedded flash memory to be performed in an 

ming of data into the embedded flash memory in the easier, quicker, and more cost-effective manner flian the 

microcontrofler to be performed on-board without having to prior art. 

dismount the microcontrofler from the circuit board. accordance with the foregoing and oflier objectives of 
Vanous solutions to the foregomg problem have been the present invention, a new architecture for microcontroller 
disclosed. For example, the U.S. Pat. No. 5,495,593 to 45 with embedded flash memory unit is provided. The micro- 
Thomas et. aL teaches the use of serial port to perform the controller of the invention includes the following constituent 
reprogramming of data into the embedded flash memory of components; a microprocessor unit coupled via a data bus to 
microcontrofler; and moreover, the U.S. Pat. No. 5,596,734 the main-unit interface, the microprocessor unit capable of 
to Uwrence teaches the use of test pins for the reprogram- generating an intemal reprogramming-enable signal and a 
ming. These solutions, however, still have some drawbacks. 50 set of latch-enable signals; a ROM unit used to store a 
First, they are not applicable to microcontroUers that are reprogramming control routine therein; a flash memory unit 
provided with no serial ports or test pins. For this kind of used to store a main control program for execution by the 
microcontroUers, the reprogramming requires the use of microprocessor unit to perform a control function specific to 
additional external circuits and modifications to the internal the microcontrofler, an external jumper capable of being 
circuitry of the microcontrofler. Second, the use of the serial 55 manuaUy set to generate an external reprogramming-enable 
port to perform the reprogramming is relative slow in speed. signal; an OR gate coupled to flie microprocessor unit and 
If the capacity of the embedded flash memory is large, it the external jumper, capable of generating a selection signal 
would take quite a lengthy period of time to complete the when either of the internal reprogramming-enable signal and 
reprogramming. the external reprogramming-enable signal is present; a mul- 
FIG. 1 is a schematic block diagram showing a conven- 60 tiplcxer having two input ends respectively connected to the 
tional architecture of microcontrofler, as designated by the data buses of the ROM unit and the flash memory unit, the 
reference numeral I 0, which is mounted on a circuit board multiplexer selecting the ROM unit for connection to the 
and connected via an interface 20 to a main unit (not shown) microprocessor unit when the selection signal from the OR 
that is under control by the microcontroller 10. As shown, gate is present, and selecting the flash memory unit other- 
the microcontroller 10 includes a microprocessor unit 16 and 65 wise; and a latch buff'er coupled between the flash memory 
a flash memory unit 12. The flash memory unit 12 is unit and the microprocessor unit, the latch buffer being 
connected via an internal data bus 14 to the microprocessor under control in response to the latch-enable signals from 
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the microprocessor unit for buffering the data transfer DETAILED DESCRIPTION OF PREFERRED 

between the flash memory unit and the microprocessor unit. EMBODIMENTS 

In the foreeoinc microcontroller, the generation of either • *• u** 

^ . , f ^ ui ■ 1 J .1 The invention provides a new architecture for microcon- 

of the internal reproeramming-enable signal and the external , i, i_ jj j a u * n *l 

' . ^1 1,. 1 , troUcr with embedded flash memory that allows the repro- 
reprogramming-enable signal causes the multiplexer to 5 . • , 
select the ROM unit for connection to the microprocessor of data into the flash memory unit to be per- 
unit, causing the microprocessor unit to execute the rcpro- ^^^"^^ dismount the enUre IC 
gramming control routine stored in the ROM unit to control P^'^^^^ °f microcontroller from the circuit board. The 
a reprogramming operation to write data into the flash ^^^^ ^ rcprogramming mto the microcontroller can be 
memory unit. written into the embedded flash memory directly through a 

When either of the external reprogramming-enable signal ^° main-unit interface connected between the microcontroller 

-and-the-intemafTeprogramffltng--enable-signaHs^enerated; of-t he inv e nti o n a n d-the-maiiMmiUwbichjs-under-contTOl^ 

it causes the OR gate to output a high-voltage logic signal to the microcontroUer. Detailed architecture of the microcon- 

the multiplexer to thereby cause the multiplexer to select the troller of the invention is disclosed in the following. 

ROM unit for connection to the microprocessor unit. This FIG. 2 is a schematic block diagram showing the archi- 

allows the microprocessor unit to execute the reprogram- lecture of a first preferred embodiment of the microcontrol- 

ming control routine stored in the ROM unit to control a ler of the invention, as here designated b y t he reference 

reprogramrning operafion to write~data intb^tHe~flash numeral 46, which is connected via an extemal data bus 42 

memory unit. and an interface 44 to a main unit (not shown) that is under 

The flash memory unit further stores a reprogramming control by the microcontroller 46. As shown, the microcon- 

detection/intialization routine which is executed by the troller 46 of this embodiment includes a microprocessor unit 

microprocessor unit to check whether a flash- 40, a latch buffer 30, a multiplexer 32, an OR gale 34, an 

reprogramming request signal is issued from the main-unit external jumper 36, a ROM unit 22, and a flash memory unit 

mterface. The reprogramming control routine stored in said 24 

ROM unit is used to control the microprocessor unit to ^ , ^ . . . ^ . 

receive the data to be reprogrammed into the flash memory 25 reprogrammmg operation can be initiated m two 

unit from the main-unit interface. ^^ys: either by using the extemal jumper 36 to manually 

Alternatively, the external jumper and the OR gate in the issue a first reprogramming-enable signal or by using the 

foregoing architecture can be eliminated. In this signal Ime 50 to issue a second reprogramming-enable 

architecture, the reprogramming-enable signal is exclusively ^^8"^! response to a flash-reprogramming request signal 

generated by the microprocessor unit. 30 main-unit interface 44. In normal use of the 

In conclusion, the invention allows the reprogramming of microcontroUer 46, the extemal jumper 36 is set to a ground 

data into the embedded flash memory of a microcontroller to position, whereby a low-voltage logic signal (i.e., first 

be performed on-board without having to dismount the reprogramming-enable signal is disabled), for example a 0 V 

microcontroller (usually by removing the solder, which is signal, is transferred via the signal line 52 to the OR gate 34, 
quite laborious to do) from the circuit board. The repro- 35 and meanwhile the microprocessor unit 40 outputs and 

gramming process is therefore quite easy and quick to transfers a low-voltage logic signal (i.e., second 

perform, thus more cost-effective than the prior art. reprogramming-enable signal is disabled) via the signal line 

Moreover, the invention allows the reprogramming of 50. 

data into the embedded flash memory of the microcontroller This causes the OR gate 34 to output and transfer a 

to be performed in a parallel manner so that the reprogram- low- voltage logic signal via the signal line 54 to the multi- 

ming time can be significantly reduced. plexer 32. The output from the OR gate 34 serves as a 

BRIEF DESCRIPTION OF DRAWINGS selection signal to the multiplexer 32 in such a manner that 

^ . , ^ „ , ^ , when the selection signal is at a low-voltage state, the data 

The invention can be more fully understood by reading ^us 26 connected to the ROM unit 22 is selected for 

the following detailed description of the preferred connection via the data bus 38 to the microprocessor unit 40; 

embodiments, with reference made to the accompanying ^^^^ ^ high-voltage state, the data bus 28 connected 

drawings, wherein: memory unit 24 is selected for connection via the 

FIG. 1 is a schematic block diagram showing a conven- ^^^^ ^us 38 to the microprocessor unit 40. 

tional architecture of microcontroller with a programmable Therefore, in the foregoing case, the data bus 28 is 

embedded flash memory unit; ^^^^^^ ^^^^^^ ^^-^ 24 to the micro- 

FIG. 2 is a schematic block diagram showing the archi- processor unit 40, allowing the microprocessor unit 40 to 

lecture of a first preferred embodiment of the microcontrol- f^tch and execute a main control program stored in the flash 

ler with embedded flash memory according to the invention; ^^mory unit 24 to thereby perform a control function 

FIG. 3 is a schematic block diagram showing the archi- specific to the microcontroller 46. The control signals issued 
lecture of a second preferred embodiment of the microcon- 55 by the microprocessor unit 40 arc then transfen-ed via the 

troller with embedded flash memory according to the inven- external data bus 42 and the interface 44 to the main unit (not 

tioii; shown) which is uader control by the microcontroUer 46. 

FIG. 4 is a schematic block diagram showing the inside jhe flash memory unit 24 further stores a reprogramming 

structure of a latch buffer utilized in the microcontroller of detection/initialization routine which is continually executed 
the invention; go by the microprocessor unit 40 to detect whether a flash- 

FIG. 5 is a flow diagram showing the procedural steps of reprogramming request signal is issued from the main-unit 

a reprogramming control routine stored in the ROM unit in interface 44. In the event that the flash-reprogramming 

the microconttoller of the invention; and request signal is present, the microprocessor unit 40 will 

FIG. 6 is a flow diagram showing the procedural steps of reset a reprogramming counter (not shown) therein to zero, 
a reprogramming detection/initialization routine stored in 65 and meanwhile generate and transfer a second 

the flash memory unit in the microcontroller of the inven- reprogramming-enable signal (i.e., by switching the logic 

lion. state on the signal line 50 to a high-voltage state), causing 
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the OR gate 34 to output, irrespective of the logic state on 
the otlici* iapiit ciiu, a high-voltage logic sigiial to the 
multiplexer 32. In response to the high-voltage logic signal 
from the OR gate 34, the multiplexer 32 selects the data bus 
26 connected to the ROM unit 22 for connection via the data 
bus 38 to the microprocessor unit 40. 

The foregoing action allows the microprocessor unit 40 to 
fetch and execute a reprogramming control routine from the 
ROM unit 22, which controls the microprocessor unit 40 to 



In normal use of the microcontroller 46, the micropro- 
cessor unit 40 generates and transfers a low-voltage logic 
signal (i.e., the reprogramming-enable signal is disabled) via 
the signal line 50 to the multiplexer 32, causing the multi- 
plexer 32 to select the data bus 28 connected to the flash 
memory unit 24 for connection via the data bus 38 to the 
microprocessor unit 40. This allows the microprocessor unit 
40 to fetch and execute a main control program from the 
flash memory unit 24. During this operation, the micropro- 



receive the data to be reprogrammed into the flash memory lO cesser unit 40 will also execute a reprogramming detection/ 

unit 24 via the external data bus 42 from the interface 44 and initialization routine that continually detects whether a flash- 

transfer these data to the flash memory unit 24 via the data reprogramming request signal is received from the interface 

bus 38, the latch bufifer 30, and the data bus 28. Moreover, 44. 

the microprocessor unit 40 uses a signal bus 48 to transfer When the flash-reprogramming request signal is present, 

control signals to the latch buffer 30 for controlling the data is the microprocessor unit 40 will switch the logic state on the 

transfer through the latch buffer 30. signal line 50 to a high-voltage state (i.e., the 



The data to be reprogrammed into the flash memory unit 
24 are received in blocks. Each block of data is temporarily 
stored in the latch buffer 30 and then transferred via the data 
bus 28 to the flash memory unit 24. This reprogramming 
operation is repeated until all blocks of data are written into 
the flash memory unit 24 in the foregoing manner. 

If the microcontroUer 46 is newly fabricated in factory 
without any program code and data stored in the flash 
memory unit 24, the microcontroller 46 can be manually set 
to the programming mode by switching the external jumper 
36 to a high-voltage position which is connected to a system 
voltage, for example 5 V (volt). This causes the generation 
of the first reprogramming-enable signal which is then 
transferred via the signal line 52 to the OR gate 34, causing 
the OR gate 34, irrespective of the logic state on the other 
input end (i.e., the signal hne 50), to output a high -voltage 
logic signal via the signal line 54 to the multiplexer 32. 

As a result of this, the multiplexer 32 selects the data bus 
26 connected to the ROM iinit22 for connection via the data 
bus 38 to the microprocessor unit 40. This action causes the 
microprocessor unit 40 to fetch and execute a reprogram- 
ming control routine from the ROM unit 22, which controls 
the microprocessor unit 40 to receive the data to be repro- 
grammed into the flash memory unit 24 via the external data 
bus 42 from the interface 44 and transfer these data to the 
flash memory unit 24 via the data bus 38, the latch buffer 30, 
and the data bus 28. 

Moreover, the microprocessor unit 40 uses a signal bus 48 
to transfer control signals to the latch buffer 30 for control- 
Ung the data transfer through the latch buffer 30. The data to 
be reprogrammed into the flash memory unit 24 are received 
in blocks. Each block of data is temporarily stored in the 
latch buffer 30 and then transferred via the data bus 28 to the 
flash memory unit 24. This reprogramming operation is 
repeated until all blocks of data are written into the flash 
memory unit 24 in the foregoing manner. 

FIG. 3 is a schematic block diagram showing the archi- 
tecture of a second preferred embodiment of the microcon- 
troller of the invention. In FIG. 3, the constituent elements 
that are identical to those in the previous embodiment of 
FIG. 2 are labeled with the same reference numerals. This 
embodiment differs from the previous one only in that the 
OR gate 34 and the external jumper 36 used in the previous 
embodiment are here eliminated. 

In this embodiment, therefore, the reprogramming-enable 
signal is solely generated by the microprocessor unit 40. 
Whenever a reprogramming operation is desired, the tech- 
nician can trigger the generation of a flash-reprogramming 
request signal and input it through the interface 44 to the 
microprocessor unit 40. 



reprogrammuig-enable~signal is generated), causing the OR" 
gate 34 to output a high-voltage logic signal to the multi- 
plexer 32. In response, the multiplexer 32 selects the data 
20 Ijus 26 connected to the ROM unit 22 for connection via the 
data bus 38 to the microprocessor unit 40. 

This action aUows the microprocessor unit 40 to fetch and 
execute a reprogramming control routine from the ROM unit 
22, which controls the microprocessor unit 40 to receive and 
transfer the data to be programmed into the flash memory 
unit 24 via the data bus 38, the latch buffer 30, and the data 
bus 28 to the flash memory unit 24 in a similar manner 
described earlier in this section. 

FIG. 4 is a schematic block diagram showing the inside 
stmcmre of flie latch buffer 30 utilized in the microcontroller 
of the invention. As shown, the latch buffer 30 includes a 
first latch 60, a second latch 62, and a transceiver 64. 
Moreover, the data bus 28 includes an address signal line 66 
connected between the flash memory unit 24 and the first 
latch 60, a flash read-request signal line 68 for transferring 
a flash read-request signal FRD from the second latch 62 to 
the flash memory unit 24, a flash write-request signal line 70 
for transferring a flash write-request signal FWR from the 
second latch 62 to the flash memory unit 24, and a data line 
72 for transferring data between the flash memory unit 24 
and the transceiver 64. 

The data bus 38 includes an address signal Hne 74 
connected between the first latch 60 and the microprocessor 
45 unit 40 and a data line 76 which connects the microprocessor 
unit 40 to both the transceiver 64 and the second latch 62. 
The signal bus 48 includes a first signal Une 481 for 
transferring a first latch-enable signal from the micropro- 
cessor unit 40 to the first latch 60, a second signal Line 482 
5Q for transferring a second latch -enable signal from the micro- 
processor unit 40 to the second latch 62, and a third signal 
line 483 for transferring a transmission/reception control 
signal from the microprocessor unit 40 to the transceiver 64. 
The transceiver 64 is a bi-directional buffer that can 
55 transfer data from the microprocessor unit 40 to the flash 
memory unit 24, or vice versa from the flash memory unit 
24 to the microprocessor unit 40. The direction is deter- 
mined by the logic state of the transmission/reception con- 
trol signal. 

60 When a write operation (i.e., a reprogramming operation) 
is to be performed on the flash memory unit 24, the 
microprocessor unit 40 generates and transfers a first latch- 
enable signal via the signal line 481 to the first latch 60 while 
outputting the address signal (which indicates the location in 

65 the flash memory unit 24 where the data are to be stored) via 
the address signal line 74 to the first latch 60, This causes the 
first latch 60 to latch the address signal therein and then 
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transfers the latched address signal via the address signal 
line 66 to the flash memor}' unit 24. 

Meanwhile, the microprocessor unit 40 generates and 
transfers a second latch-enable signal via the second latch- 
enable signal line 482 to the second latch 62 so as to enable 
second latch 62 to receive a flash write-request signal FWR 
and latch it on the signal line 70. Subsequently, the micro- 
processor unit 40 generates and transfers a transmission/ 
reception control signal (at a high-voltage state, for 
example) via the signal line 483 to the tratisceiver 64 to set 
the transceiver 64 in transmission mode while outputting a 
data-&igfialXie7rth64>inary-code-tG4)e^eprogramme4into-the- 
flash memory unit 24) via the data line 76 to the transceiver 
64. 

The transceiver 64 then transfers the received data via the 
data line 72 to the flash memory unit 24. This causes the 
flash memory unit 24 to receive the data signal on the data 



10 



linc~72 and~thcn store the binary code represented by this 
data signal into the locations specified by the address signal 
on the address signal line 66. 

When a read operation is to be performed on the flash 
memory unit 24 (i.e., to read the binary code of the main 
control program and the reprogramming detection/ 
initialization routine stored in the flash memory unit 24), the 
microprocessor unit 40 generates and transfers a first latch- 
enable signal via the signal line 481 to the first latch 60 whfle 
outputting the address signal (which indicates the location in 
the flash memory unit 24 where the data to be read out are 
stored) via the address signal line 74 to the first latch 60. 

This causes the first latch 60 to latch the address signal 
therein and then puts the latched address signal on the 
address signal line 66. Subsequently, the microprocessor 
unit 40 generates and transfers a second latch-enable signal 
via the signal line 482 to the second latch 62, thus enabling 
the second latch 62 to receive a flash read-request signal 
FRD via the data line 76 and latch it on the signal line 68 
connected to the flash memory unit 24. Meanwhile, the 
microprocessor unit 40 generates and transfers a 
transmission/reception control signal (at a low-voltage state, 
for example) via the signal line 483 to the transceiver 64 to 
thereby set the transceiver 64 in the reception mode. 

In response to the flash read-request signal FRD, the flash 
memory unit 24 fetches out the data stored in the location 
indicated by the address signal on the address signal line 66 
and then transfers these data via the data line 72 to the 
transceiver 64 which then forwards these data to the micro- 
processor unit 40. 

FIG. 5 is a flow diagram showing the procedural steps of 
the reprogramming control routine stored in the ROM unit 
22 which is executed by the microprocessor unit 40 to 
control the reprogramming of data into the flash memory 
unit 24. Referring to FIG. 5 together with FIGS. 2 and 3, in 
the first step 80, the microprocessor unit 40 receives the data 
to be programmed into the flash memory unit 24 via the 
interface 44 from the main unit (not shown). 

The data include an address signal, a flash read/write 
request signal, and a data signal. These signals are stored 
into the latch buffer 30 in a manner as described earlier in 
this section. In the subsequent step 82, the microprocessor 
unit 40 clears the flash memory unit 24 and then performs a 
reprogramming operation to write the received data into the 
flash memory unit 24, In the subsequent step 84, the micro- 
processor unit 40 checks whether flje programming opera- 
tion is completed; if not, the procedure goes back to step 80; 
otherwise, the procedure is ended. 

FIG. 6 is a flow diagram showing the procedural steps of 
the reprogramming detection/initialization routine stored in 



the flash memory unit 24 which is executed by the micro- 
processor unit 40 to check whether reprogramming opera- 
lion is to be performed. In the first step 86, the micropro- 
cessor unit 40 detects whether a flash-reprogramming 
request signal is received via the interface 44 from the main 
unit (not shown); if not, the procedure goes to step 94 to 
continue the normal operation of the microcontroller; 
otherwise, the procedure goes to step 88, in which the 
microprocessor unit 40 sets the first reprogramming-enable 
signal to a high-voltage state. 

lD_the„suhsequ6nt_step_i0,_flie_microprocessor-unit-40- 

resets a reprogramming counter to zero; and then in the 
subsequent step 92, the procedure jumps to the ROM unit 22 
to execute the reprogramming control routine stored therein. 

In conclusion, the invention aflows the reprogramming of 
data into the embedded flash memory of a microcontroller to 
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be performed on-board without having to dismount the 
entire IC package of the microcontroller (usually, having to 
remove the solders, which is quite laborious to do) from the 
circuit board. The reprogramming operation is therefore 
quite easy and quick to perform, thus more cost-effective 
than the prior art. 

The invention has been described using exemplary pre- 
ferred embodiments. However, it is to be understood that the 
scope of the invention is not limited to the disclosed embodi- 
ments. On the contrary, it is intended to cover various 
modifications and simflar arrangements. The scope of the 
claims, therefore, should be accorded the broadest interpre- 
tation so as to encompass all such modifications and similar 
arrangements. 

What is claimed is: 

1. A microcontroller coupled to a main-unit interface, 
which comprises: 

a microprocessor unit coupled via an external data bus to 
said main-unit interface, said microprocessor unit gen- 
erating an internal reprogramming-enable signal and a 
set of latch-enable signals for control of data transfer 
during a reprogramming operation; 

a ROM unit used to store a reprogramming control routine 
therein; 

a flash memory unit used to store a main control program 
for execution by said microprocessor unit to perform a 
control function specific to said microcontroller; 

an external jumper being manually set to generate an 
external reprogramming-enable signal; 

an OR gate coupled to said microprocessor unit and said 
external jumper for generating a selection signal when 
either of said internal reprogramming-enable signal and 
said external reprogramming-enable signal is present; 

a multiplexer having two input ends respectively con- 
nected to the data buses of said ROM unit and said flash 
memory unit and one output end connected to the data 
bus of said microprocessor unit, said multiplexer 
selecting said ROM unit for connection to said micro- 
processor unit when said selection signal from said OR 
gate is present, and selecting said flash memory unit 
otherwise; and 

a latch buffer coupled between said flash memory unit and 
said microprocessor unit, said latch buffer being under 
control in response to the latch-enable signals from said 
microprocessor unit for data transfer between said flash 
memory unit and said microprocessor unit; 

wherein the generation of either of said internal 
reprogramming-enable signal and said external 
reprogramming-enable signal causes said multiplexer 
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to select the ROM unit for connection to the micro- 
processor unit, causing the microprocessor unit to 
execute said reprogramming control routine stored in 
said ROM unit to control a reprogramming operation to 
write data into said flash memory unit. 

2. The microcontroller of claim 1, wherein said external 
jumper is switchable between a system voltage and a ground 
voltage in such a manner that when said external jumper is 
switched to the system voltage, the external reprogramming- 
cnable signal is triggered to generate. 

3. The microcontroller of claim 2, wherein the external 
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a flash memory unit used to store a main control program 
for execution by said niicropioccssor unit to perform a 
control function specific to said microcontroller; 

a multiplexer having two input ends respectively con- 
nected to the data buses of said ROM unit and said flash 
memory unit, said multiplexer selecting said ROM unit 
for connection to said microprocessor unit when said 
internal reprogramming-enable signal from said micro- 
processor unit is present, and selecting said flash 
memory unit otherwise; and 



reprogramming-enable signal~~lrom said extemaFjuraper 
causes said multiplexer to select the ROM unit for connec- 
tion to the microprocessor unit, causing the microprocessor 
unit to execute said reprogramming control routine stored in 
said ROM unit to control a reprogramming operation to 
write data into-said-flash-memory^niti 

4. The microcontroller of claim 1, wherein said flash 
memory unit further stores a reprogramming detection/ 
initialization routine which is executed by said micropro- 
cessor unit to detect whether a flash-reprogramming request 
signal is issued from said main -unit interface. 

5. The microcontroller of claim 1, wherein said repro- 
gramming control routine stored in said ROM unit is used to 
control said microprocessor unit to receive the data to be 
reprogrammed into said flash memory unit from said main- 
unit interface. 

6. The microcontroller of claim 5, wherein said data to be 
reprogrammed into said flash memory unit include a data 
signal, an address signal, and a control signal. 

7. The microcontroller of claim 6, wherein said latch 
buffer comprises: 

a first latch, in response to a first latch-enable signal from 
said microprocessor unit, for latching the address signal 
on a data bus connected to said flash memory unit; 

a second latch, in response to a second latch-enable signal 
from said microprocessor unit, for latching a flash 
read/write request signal on a signal line connected to 
said flash memory unit; and 

a transceiver coupled between said flash memory unit and 
said microprocessor unit; said transceiver operating in 
response to a transmission/reception control signal in 
such a manner that during a write operation, said 
transmission/reception control signal setting said trans- 
ceiver to a transmission mode, causing said transceiver 
to transfer the data signal received by said micropro- 
cessor unit from said main-unit interface to said flash 
memory unit; and during a read operation, said 
transmission/reception control signal setting said trans- 
ceiver to a reception mode, causing said transceiver to 
transfer the data read from said flash memory unit to 
said microprocessor unit. 

8. A microcontroUer coupled to a main-unit interface, 
which comprises: 

a microprocessor unit coupled via an external data bus to 
said main-unit interface, said microprocessor unit gen- 
erating an internal reprogramming-enable signal and a 
set of latch-enable signals for control of data transfer 
during a reprogramming operation; 

a ROM unit used to store a reprogramming control routine 
therein; 



a latch butter coupled between said flash memory unit and 
said microprocessor unit, said latch buffer being under 
control in response to the latch-enable signals from said 
microprocessor unit for data transfer between said flash 
memory unit and said microprocessor unit; 
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wherein~the generatiorrof~said internal reprogramming- 
enable signal from said microprocessor unit causes said 
multiplexer to select the ROM unit for connection to 
the microprocessor unit, causing the microprocessor 
unit to execute said reprogramming control routine 
stored in said ROM unit to control a reprogramming 
operation to write data into said flash memory unit. 

9. The microcontroller of claim 8, wherein said repro- 
gramming control routine stored in said ROM unit is used to 
control said microprocessor unit to receive the data to be 
reprogrammed into said flash memory unit from said main- 
unit interface. 

10. The microcontroller of claim 8, wherein said repro- 
gramming control routine stored in said ROM unit is used to 
control said microprocessor unit to receive the data to be 
reprogrammed into said flash memory unit from said main- 
unit interface. 

U. The microcontrofler of claim 10, wherein said data to 
be reprogrammed into said flash memory unit include a data 
signal, an address signal, and a control signal. 

12. The microcontroller of claim 8, wherein said latch 
buffer comprises: 

a first latch, in response to a first latch-enable signal from 
said microprocessor unit, for latching the address signal 
on a data bus connected to said flash memory unit; 

a second latch, in response to a second latch-enable signal 
from said microprocessor unit, for latching a flash 
read/write request signal on a signal line coimected to 
said flash memory unit; and 

a transceiver coupled between said flash memory unit and 
said microprocessor unit; said transceiver operating in 
response to a transmission/reception control signal in 
such a manner that during a write operation, said 
transmission/reception control signal setting said trans- 
ceiver to a transmission mode, causing said transceiver 
to transfer the data signal received by said micropro- 
cessor unit from said main-unit interface to said flash 
memory unit; and during a read operation, said 
transmission/reception control signal setting said trans- 
ceiver to a reception mode, causing said transceiver to 
transfer the data read from said flash memory unit to 
said microprocessor unit. 
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